###### Strengths and limitations of this study

-   This will be the first systematic review to include breadth of prehabilitation interventions prior to orthopaedic surgery including day surgery.

-   The overall quality of evidence will be reported using Grading of Recommendations Assessment, Development and Evaluation.

-   Anatomical variations of different joints, variations in surgical procedures and prehabilitation interventions may preclude meta-analysis and affect the overall level of evidence therefore not enabling firm conclusions of prehabilitation effectiveness to be established.

-   Exclusion of non-English papers may lead to language bias.

Introduction {#s1}
============

More than 8 million surgical procedures are performed in the UK each year.[@R1] With an increase in the ageing population, it is anticipated that more surgical procedures will be performed in the future.[@R2] Major surgery can induce pain, increase catabolism and oxygen demand that could lead to postoperative complications and deconditioning[@R3] resulting in a decline of one's physical function.[@R4] In order to withstand the stressor of inactivity following a surgical procedure, a period of prehabilitation prior to surgery may be beneficial in optimising physical and functional capacity in these patients.[@R5] It is evident from the literature that individuals with limited physical fitness preoperatively have higher morbidity and mortality[@R6] whereas individuals with better physical fitness are expected to have better postoperative outcomes.[@R8]

The concept of prehabilitation was first mentioned in the literature in 1946.[@R9] The authors reported how a period of physical and educational training along with nutritional support improved the physical and mental well-being of army recruits during the second world war. However, it was not until early 2000, that researchers began to investigate the role of prehabilitation in improving postoperative outcomes.[@R10] Since then several trials have been conducted to evaluate the benefits of prehabilitation in patients undergoing various surgical procedures ranging from cardiovascular to orthopaedics.[@R11] Prehabilitation interventions have been utilised across all age groups[@R15] and also in sports medicine as a tool to reduce the risk of sporting injuries.[@R19] Although exercises are considered a key component in prehabilitation, the concept of prehabilitation interventions has evolved over the years becoming multimodal in nature. Interventions typically include exercise, nutrition, medical optimisation and psychological support delivered by a multidisciplinary team.[@R20]

A number of good quality systematic reviews have been published recently investigating the benefits of prehabilitation within orthopaedics, but with varying conclusions.[@R24] Cabilan *et al*[@R24] explored the effects of prehabilitation in all surgical patients including orthopaedics, cardiac and abdominal surgeries. The review found no significant benefit in postoperative function, pain and quality of life in patients who had joint arthroplasty for osteoarthritis, although there was some evidence that prehabilitation doses of \>500 min might reduce acute rehabilitation admissions (OR 0.51, 95% CI 0.28 to 0.93). However, when participants who had undergone either a total hip or total knee replacement were grouped together, this was no longer significant. This review also reported that there was limited evidence on other surgical populations to derive any firm conclusions. The review had excluded day surgery patients and therefore has its limitations as there is a strong recent drive towards enhanced recovery programmes and more joint arthroplasties being performed as day cases.[@R27] Additionally, the review only included trials published before March 2013.

Wang *et al*[@R26] conducted a systematic review and meta-analysis on the effectiveness of prehabilitation for patients undergoing total hip arthroplasties (THA) and total knee arthroplasties (TKA) and reported slight improvement in: early postoperative pain (at 4 weeks), weighted mean difference −6.1 points, (95% CI −10.6 to --1.6 points) on the Visual Analogue Scale; function measured using the Western Ontario and McMaster Universities Arthritis Index (WOMAC) function score at 6 to 8 weeks −4.0, (95% CI −7.5 to --0.5); time to climbing stairs −1.4 days, (95% CI −1.9 to --0.8 days); toilet use −0.9 days, (95% CI −1.3 to --0.5 days) and chair use −1.2 days, (95% CI −1.7 to −0.8 days). However, the authors concluded that effects were too small and in the short-term to be considered clinically significant.

A more recent review by Moyer *et al*[@R25] evaluated the benefits of prehabilitation in patients undergoing THA and TKA and reported significant improvements in quadriceps strength, pain, function and length of stay which contradicted previous reviews. Patients undergoing THA, had significantly less postoperative pain than controls (standard mean difference (SMD)=0.15, 95% CI 0.03 to 0.27, p=0.017). Postoperative function was also significantly improved compared with controls (THA SMD=0.32, 95% CI 0.15 to 0.50, p\<0.001; TKA SMD=0.32, 95% CI 0.06 to 0.57, p=0.015). Significantly greater quadriceps strength was observed after TKA (SMD=0.42, 95% CI 0.16 to 0.68, p=0.002). Length of stay was significantly shorter after TKA (SMD=0.54, 95% CI 0.24 to 0.84, p\<0.001) and THA (p=0.027). This review included 35 studies which explored both preoperative exercises and patient education that may have had some influence on the positive results compared with previous reviews.

Previous reviews within the orthopaedic literature have mainly focused on the effectiveness of physical exercise, and on patients undergoing joint replacements rather than on arthroscopies or other day surgery procedures. Prehabilitation, in recent years has also become much broader encompassing multimodal interventions such as patient education and counselling, nutritional support alongside physical exercises.[@R30] There is also limited evidence in the literature as to the most effective prehabilitation intervention and what components or combination of components, duration and frequency of prehabilitation intervention might be more effective. Therefore, the purpose of this study is to conduct an up to date, comprehensive systematic review and meta-analysis to explore the benefits of prehabilitation on postoperative outcomes for patients undergoing all types of orthopaedic surgical procedures including day case surgeries. This review will also encompass trials which utilised multimodal interventions in their prehabilitation programme.

Objectives {#s1-1}
----------

The primary objective is to synthesise the evidence on the effectiveness of prehabilitation in improving postoperative outcomes for patients undergoing orthopaedic surgery. Secondary objectives are to explore the core components of prehabilitation and whether there is evidence of an optimum duration and frequency that a patient needs to undergo prehabilitation in order to achieve better outcomes.

Methods {#s2}
=======

We plan to conduct a systematic review of the literature according to a predefined protocol which complies with recommendations from the Cochrane Collaboration Musculoskeletal group[@R31] and Centre of Reviews and Dissemination[@R32] guidelines and designed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA-P) guidelines.[@R33] and will be reported using the PRISMA-P checklist ([online supplementary file 1](#SP1){ref-type="supplementary-material"})
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Eligibility criteria {#s2-1}
--------------------

-   *Trial design:* Randomised controlled trials comparing prehabilitation (including multimodal prehabilitation interventions) to standard care.

-   *Participants*: Adult participants (\>18 years) undergoing an orthopaedic surgical procedure.

-   *Intervention*: Prehabilitation or preoperative interventions including exercises/physiotherapy, patient education, pain management and anxiety reduction strategies.

-   *Comparators:* Standard or usual care.

-   *Outcomes:* Pain, muscle strength, function, health-related quality of life (HRQoL) and disease specific/joint specific outcomes.

-   *Language*: All non-English publications will be excluded (at full text stage) to avoid introducing risk of bias.

-   *Publication*: As the researchers only began investigating the effectiveness of prehabilitation on postoperative outcomes since the turn of the millennium, only trials published between January 2000 to 25 March 2019 would be included.

Patient and public involvement {#s2-2}
------------------------------

Patients were not directly involved in the design of this study. As this is a protocol for a systematic review and no participant recruitment will take place, their involvement was not applicable.

Information sources {#s2-3}
-------------------

A comprehensive electronic search by two reviewers (AP and OW) will be performed independently in MEDLINE (OVID), CINAHL (EBSCO), AMED (OVID), Embase, PEDro and Cochrane Register of Controlled Trials (CENTRAL) from January 2000 to 25 March 2019. We will also search the ISI Web of Science, System for information on grey literature and European Union clinical trials registry to identify studies that are underway or unpublished. In addition, a search for articles in press and published ahead of print will be conducted in relevant journals for orthopaedics (The Bone & Joint journal, International Orthopaedics, Journal of Orthopaedics and Traumatology) and reference lists of included studies will be searched for further relevant studies.

Search strategy {#s2-4}
---------------

The search strategy will include the intervention of interest. Medical subheading terms and keywords will include the following: Rehab\*, prehab\*, Physiotherapy, 'Physical therapy', Presurg\*, Preoperat\*, Prior, Before, Ahead, RCT and randomi\*. See ([online supplementary file 2](#SP2){ref-type="supplementary-material"}) for an example of the search strategy for MEDLINE.
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Study records {#s3}
=============

Data management {#s3-1}
---------------

The specific bibliographic software EndNote will be used.

Selection process {#s3-2}
-----------------

Titles and abstracts (stage 1) followed by full-texts of potentially relevant studies (stage 2) will be independently screened by two reviewers (AP and OW). Where no abstract is available, full-text articles will be obtained and assessed for eligibility. Disagreements will be solved by discussion. Where no consensus can be reached, a third reviewer (AR) will be consulted. The process of study selection will be summarised using a Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.[@R33]

Data collection process and items {#s3-3}
---------------------------------

Two reviewers will extract the data independently using a standardised form. A third reviewer will independently check the data for consistency and accuracy. Data extracted will include the following summary data: sample characteristics, sample size, outcomes of interest, duration and method of prehabilitation delivery (home, face-to-face, electronic means) and components of prehabilitation programme.

Risk of bias in individual studies {#s3-4}
----------------------------------

Risk of bias for each included trial will be independently assessed by two reviewers (AP and OW). The third reviewer (AR) will mediate in situations of disagreement. The Cochrane Risk of Bias tool 2.0[@R34] will be used to assess internal validity of each of the included studies. The tool addresses specific domains that are assessed as \'high risk\', \'low risk\', or can express 'some concerns'. The tool was updated recently by the Cochrane Bias methods group and is structured into five domains: randomisation process, deviations from intended interventions, incomplete outcome data, measurement of the outcome and selective outcome reporting. Selective reporting in trials will be identified by comparing outcomes used in the finalised articles against registered protocols, or by comparing outcomes from the trial's published methods to the results sections, where no existing trial protocols are available.

Outcome measures {#s3-5}
----------------

Outcomes of interest are pain (eg, Visual Analogue Scale), muscle strength (eg, quadriceps strength measured by manual or motor driven equipment), function (eg, Timed Up and Go), HRQoL (eg, EQ-5D) and disease specific/joint specific outcome measures (eg, WOMAC). Health economic outcome measures such as length of stay, readmission rates and adverse events will also be reported as appropriate.

Data synthesis {#s3-6}
--------------

Quantitative data will, where possible, be pooled in statistical meta-analysis using RevMan 5.3. Decisions for meta-analysis will consider Risk of Bias of individual studies and data will be pooled and considered for analysis within the same surgical procedure, population, interventions and consistencies in follow-up time points if possible. A random effects model will be used to measure effect sizes.[@R35] Standard mean difference (continuous data) and their 95% confidence will be calculated for analysis. Groups of studies where there is high heterogeneity measured by I^2^ value (I[@R2] \>50%),[@R36] a narrative synthesis will be performed including tables and figures to aid in data presentation where appropriate. Data will be analysed narratively according to the nature of the prehabilitation interventions. Additional analyses such as subgroup analysis and meta-regression would be used to report the factors that could explain the heterogeneity.

Meta-bias(es) {#s3-7}
-------------

The studies will be assessed for publication bias and selective reporting of outcomes. A search will be conducted in the grey literature and also conference proceedings for national and international conferences in the past 2 years to identify related and unpublished studies. Where insufficient data are available, attempts will be made to contact the authors for further information and will be reported clearly. We will also scrutinise all eligible studies as to whether intended outcome measures were actually reported in the studies. Funnel plots will be used to assess publication and small sample size bias where meta-analysis includes more than 10 trials.

Confidence in cumulative evidence {#s3-8}
---------------------------------

The overall strength of the body of evidence will be assessed using Grading of Recommendations Assessment, Development and Evaluation.[@R37] The tool is structured into five domains: risk of bias, imprecision, inconsistency, indirectness and publication bias. Each important outcome will be assessed for the overall certainty in the evidence using three categories: high, moderate, low and/or very low and the authors have the option of decreasing their level of certainty by one or two levels (eg, from high to moderate). Finally, the overall strength of recommendations will be categorised as weak or strong.

Discussion {#s4}
==========

To the best of our knowledge, this is the first systematic review to include the breadth of prehabilitation interventions prior to orthopaedic surgery including day surgery procedures. These findings may provide evidence to support clinicians in determining if prehabilitation interventions are effective and what components and delivery method is most effective in achieving better outcomes for these patients. This review will also inform further research investigating the effectiveness and the nature of prehabilitation. The Cochrane Risk of Bias tool 2.0[@R34] will be used to assess internal validity of each of the included studies and the overall quality of evidence will be reported using Grading of Recommendations Assessment, Development and Evaluation.[@R37] In order to maintain the strength and quality of our recommendations it was deemed appropriate to limit the review to randomised control trials (RCTs) as RCTs are considered to offer the highest quality of evidence.[@R38] A limitation of this systematic review is the exclusion of non-English studies, which may mean that some trials conducted in non-English speaking countries may have been omitted.

Ethics and dissemination {#s4-1}
------------------------

This study raises no ethical issues. On completion of this systematic review, the findings will be presented to clinicians and academics at national or international conferences relating to orthopaedics. We will also publish the results in peer-reviewed academic journals to reach clinical and academic experts in this field.
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